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(57) ABSTRACT

A data storage device including a flash memory, a tempera-
ture sensor and a controller. The flash memory has a plurality
of'blocks, and each of the blocks has a plurality of pages. The
temperature sensor detects surrounding ambient temperature
and to produce a temperature parameter accordingly. The
controller is arranged to perform a first maintenance proce-
dure after a predetermined period since the data storage
device is powered on. The controller reads the temperature
sensor to obtain a first temperature parameter in the first
maintenance procedure and determines a first time span
according to a first predetermined condition for performing a
second maintenance procedure, wherein the first predeter-
mined condition includes the first temperature parameter, and
the controller is further arranged to perform the second main-
tenance procedure after the first time span since the first
maintenance procedure has finished.

16 Claims, 3 Drawing Sheets

100

host
160

data storage device
180

166

controller

190

de

iming

temperatl

vice SENSor

162

computing
unit

flash
memory

164 165

Inon-volatile
memory

random
access
memory




US 9,368,226 B2

Page 2
(51) Int.ClL FOREIGN PATENT DOCUMENTS
GLIC 7704 (2006.01) Jp 2009129070 A 6/2009
Gl1I1C 724 (2006.01) P 2009251627 A 10/2009
Jp 2010160816 A 7/2010
(56) References Cited Jp 2011100519 A 5/2011
™ 201027541 7/2010
U.S. PATENT DOCUMENTS ™ 201037721 A1 10/2010
™ 201113694 A 4/2011
8,116,160 B2* 2/2012 Hwang ........... GOGF 11/1068 ™™ 201145287 A 12/2011
365/185.22 ™ 1355583 1/2012
8,542,537 B2*  9/2013 Parker ................. G11C 16/10 ™™ 201232553 Al 8/2012
365/185.24 ™ 201306032 Al 2/2013
N .
8,745,314 Bl 6/2014 Karamcheti ............ G067Fl}/31/8(3) OTHER PUBLICATIONS
N .
8,947,928 B2 22015 Kim oo Gl 13(6: 51/}%5563§ Office Action of corresponding TW application, published on Mar. 9,
2009/0296465 Al* 12/2009 Wang ................. Gl1C 16/3454 2015 _ o _
365/185.2 Office Action of corresponding JP application, published on Aug. 4,
2009/0327581 Al 12/2009 Coulson 2015 i o i
2011/0219203 Al 9/2011 Nurminen et al. Office Action of corresponding TW application, published on Sep.
2011/0302353 Al  12/2011 Confalonieri 18, 2014.

2013/0007344 Al 1/2013 Belgar et al.
2013/0055046 Al 2/2013 Blodgett * cited by examiner



US 9,368,226 B2

Sheet 1 of 3

Jun. 14, 2016

U.S. Patent

[ "DIA

001

Arowowx
AJowow
$S900¢©
O[1IB[OA-UOU
wopuel
G917~ 91~
_
un
Arowow Sunndwoos
yseyJ
917
JOSU9S JO1AD
Srnerddw) Surwn
061~ 991~
IS[JONTOD
081~ 091~
901A9p 93®10)S BIRP
or1-

1504

0TI~




U.S. Patent Jun. 14,2016 Sheet 2 of 3 US 9,368,226 B2

Performing a first maintenance procedure
after a predetermined period since the data
storage device is powered on, determining
a time span according to a first
predetermined condition, and performing
a block scan

~—S5202

Starting to perform the following
maintenance procedures after a time span,
determining another time span according
to the current predetermined condition
and a history record for executing the next
maintenance procedure, and determining a
threshold of error bit value according to
the history record

~—S204

Performing a block scan on the blocks

according to the threshold of error bit value — 5206

FIG. 2
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Reading the temperature sensor to obtain
the current temperature parameter at a
predetermined time interval since the data
storage device is powered on, and adjusting
a predetermined period according to the
current temperature parameter

~—S300

Performing a first maintenance procedure
after the predetermined period since the
data storage device is powered on,
determining a time span according to a
first predetermined condition, and
performing a block scan

~—S302

Starting to perform the following
maintenance procedures after a time span,
determining another time span according
to the current predetermined condition
and a history record for executing the next
maintenance procedure, and determining a
threshold of error bit value according to
the history record

~—S304

Performing a block scan on the blocks

according to the threshold of error bit value 5306

FIG. 3
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1
DATA STORAGE DEVICE AND METHOD
FOR RESTRICTING ACCESS THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Taiwan Patent Applica-
tion No. 102146530, filed on Dec. 17, 2013, the entirety of
which is incorporated by reference herein. Furthermore, this
application is a non-provisional of U.S. Provisional Applica-
tion No. 61/862,858 filed on Aug. 6, 2013.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a data maintenance method
applied to a memory device, and in particular to a data main-
tenance method capable of automatically monitoring flash
memory.

2. Description of the Related Art

Flash memory is considered a non-volatile data storage
device, using electrical methods to erase and program itself.
Taking NAND Flash as an example, it is often used in
memory cards, USB flash devices, solid state devices, eMMC
and other uses.

Flash memory such as NAND Flash uses a multiple-block
structure to store data, wherein the flash memory is con-
structed by floating gate transistors. The floating gates of the
floating gate transistor may catch electronic charges for stor-
ing data. However, the floating gates may loss the electronic
charges due to their operations, and the various environmen-
tal parameters of the flash memory, which can lead to read and
write errors.

BRIEF SUMMARY OF THE INVENTION

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

The present invention provides a data storage device. The
data storage device includes a flash memory, a temperature
sensor and a controller. The flash memory has a plurality of
blocks, and each of the blocks has a plurality of pages. The
temperature sensor is arranged to detect surrounding ambient
temperature and to produce a temperature parameter accord-
ingly, wherein the temperature parameter changes with the
detected surrounding ambient temperature. The controller is
arranged to perform a first maintenance procedure after a
predetermined period since the data storage device is pow-
ered on, wherein the controller is further arranged to read the
temperature sensor to obtain a first temperature parameter in
the first maintenance procedure, and determine a first time
span according to a first predetermined condition for per-
forming a second maintenance procedure, wherein the first
predetermined condition includes the first temperature
parameter, and the controller is further arranged to perform
the second maintenance procedure after the first time span
since the first maintenance procedure has finished.

The present invention further provides a data maintenance
method applied to a data storage device of a flash memory,
wherein the flash memory has a plurality of blocks, and each
of the blocks has a plurality of pages. The data maintenance
method includes: performing a first maintenance procedure
after a predetermined period since the data storage device is
powered on; reading a temperature sensor to obtain a first
temperature parameter in the first maintenance procedure;
determining a first time span according to a first predeter-
mined condition in the first maintenance procedure for per-
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forming a second maintenance procedure, wherein the first
predetermined condition includes the first temperature
parameter; and performing the second maintenance proce-
dure after the first time span since the first maintenance pro-
cedure has finished.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

FIG. 1 is a schematic diagram illustrating an embodiment
of an electronic system of the present invention;

FIG. 2 is a flowchart of an access restriction method
according to an embodiment of the present invention; and

FIG. 3 is a flowchart of an access restriction method
according to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The following description is of the best-contemplated
mode of carrying out the invention. This description is made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

FIG. 1 is a schematic diagram illustrating an embodiment
of an electronic system of the present invention. The elec-
tronic system 100 includes a host 120 and a data storage
device 140. The data storage device 140 includes a controller
160, a flash memory 180 and a temperature sensor 190. Fur-
thermore, the data storage device 140 may operate in
response to the commands received from the host 120. The
controller 160 includes a computing unit 162, a non-volatile
memory 164 (such as read only memory), a random access
memory 165 and a timing device 166. The program code and
data stored in the nonvolatile memory 164 may constitute
firmware, and be performed by the computing unit 162, such
that the controller 160 may control the flash memory 180 by
the firmware. For example, the controller 160 may access the
flash memory 180 according to the commands received from
the host device 120 and automatically perform the mainte-
nance procedure of the present invention. It should be noted
that, in one of the embodiments, the maintenance procedure is
performed in the background repeatedly. For example, the
controller 160 only performs the maintenance procedure
when it is idle, and discontinues the maintenance procedure
when receiving commands from the host 120 until the works
corresponding to the received command has finished. The
flash memory 180 has a plurality of blocks, and each of the
blocks has a plurality of pages. The timing device 166 is
arranged to record the time that the data storage device 180
was powered on, and the time period between the procedures,
etc. The temperature sensor 190 is arranged to detect the
surrounding ambient temperature of the data storage device
140, and produce temperature parameters in response to the
variation of the surrounding ambient temperature. In this
embodiment, the temperature sensor 190 is implemented next
to the flash memory 180 of the data storage device 140 and
arranged to detect the surrounding ambient temperature of the
flash memory 180, but it is not limited thereto. In another
embodiment, the temperature sensor 190 may be imple-
mented outside of the data storage device 140 and arranged to
detect the surrounding ambient temperature of the data stor-
age device 140.
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Moreover, the flash memory 180 is further arranged to
store at least one parameter table and at least one scan con-
dition table. In one embodiment, the parameter table is
arranged to store the time spans corresponding to the different
surrounding ambient temperatures, wherein the time spans
are arranged to determine the time interval between the cur-
rent maintenance procedure and the next maintenance proce-
dure, but it is not limited thereto. In other embodiments, the
parameter table further includes the time spans corresponding
to the different surrounding ambient temperatures, the differ-
ent error bit values, the different numbers of the erased
blocks, the different times of the last time that the data storage
device 140 has been accessed by the host 120, the different
time spans after the data storage device 140 has been powered
on, and/or the number of times that the blocks have been
erased, wherein the stored time spans are arranged to enable
the next maintenance procedure. The scan condition table is
arranged to store the scan condition corresponding to the
different error bit values and/or the different numbers updated
blocks. For example, the scan condition may be the threshold
of error bit value, but it is not limited thereto. In other embodi-
ments, the scan condition may be the different ECC code. In
another embodiment, the flash memory 180 is arranged to
store a parameter function and a scan condition function. In
this embodiment, the time span between the previous main-
tenance procedure and the next maintenance procedure is
determined by the parameter function. For example, the
parameter function calculates the time span between the cur-
rent maintenance procedure and the following maintenance
procedure from the different surrounding ambient tempera-
ture values, but it is not limited thereto. In other embodiments,
the parameter function is further arranged to calculate the
time span between the current maintenance procedure and the
following maintenance procedure according to the different
surrounding ambient temperatures, the different error bit val-
ues, the number of the updated blocks, the different times of
the last time that the data storage device 140 has been
accessed by the host 120, the different time spans after the
data storage device 140 has been powered on and/or the
different numbers of times that the blocks are erased. More-
over, the scan condition function is further arranged to deter-
mine the different scan conditions according to the different
error bit values and/or the number of the updated blocks. It
should be noted that higher surrounding ambient tempera-
tures mean higher error bit values, higher numbers of the
updated blocks, longer times that the data storage device 140
has been powered on and higher numbers of times that the
blocks have been erased have shorter time spans between the
current maintenance procedure and the following mainte-
nance procedure. Higher error bit values and higher numbers
of'updated blocks correspond to lower thresholds of error bit
value.

In one embodiment, the controller 160 is arranged to per-
form a first maintenance procedure after a predetermined
period since the data storage device 140 is powered on. In this
embodiment, the predetermined period is a predetermined
time, but it is not limited thereto. For example, the predeter-
mined period may be 4 minutes or 5 minutes, but it is not
limited thereto. In the first maintenance procedure, the con-
troller 160 reads the temperature sensor 190 to obtain a first
temperature parameter and determines a first time span
according to a first predetermined condition for performing a
first block scan on the blocks to obtain a plurality of first error
bit values corresponding to the blocks, respectively. In one
embodiment, the first predetermined condition includes the
first temperature parameter, but it is not limited thereto. In
another embodiment, the first predetermined condition may
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further include the time of the last time that the data storage
device 140 was accessed by the host 120, the time that the data
storage device 140 has been powered on and/or the number of
times that the blocks have been erased. The controller 160
may determine the first time span in the first maintenance
procedure according to the parameter table or the parameter
function, such that the controller 160 can perform the second
maintenance procedure after the first time span since the first
maintenance procedure has finished. It should be noted that
the parameters of the first predetermined condition are the
current detected parameters. Therefore, the parameters of the
first maintenance procedure may be different from the param-
eters of the second maintenance procedure, and the param-
eters of the second maintenance procedure may be different
from the parameters of the third maintenance procedure. In
some conditions, the different maintenance procedures may
have the same parameters. For example, the number of times
that the blocks have been erased in the second maintenance
procedure and the third maintenance procedure are the same
when the host 120 does not erase the blocks of the flash
memory 180 between the second maintenance procedure and
the third maintenance procedure. Conversely, the number of
the times that the blocks have been erased in the second
maintenance procedure is different from the number of the
times that the blocks have been erased in the third mainte-
nance procedure when the host 120 erases the blocks of the
flash memory 180 between the second maintenance proce-
dure and the third maintenance procedure. It should be noted
that the controller 160 is further arranged to update at least
one block when the corresponding first error bit value corre-
sponding to the least one block is greater than a predeter-
mined threshold of error bit value. In this embodiment, the
predetermined threshold of error bit value is a predetermined
threshold, but it is not limited thereto.

In another embodiment, in the predetermined period, the
controller 160 is further arranged to read the temperature
sensor 190 to obtain the current temperature parameter at a
predetermined time interval, and adjust the time arranged to
start the first maintenance procedure according to the current
temperature parameter. Namely, the controller 160 is
arranged to read the temperature sensor 190 to obtain the
current temperature parameter at a predetermined time inter-
val since the data storage device 140 is powered on, and
determine the time arranged to start the first maintenance
procedure by looking up the parameter table or the parameter
function according to the current temperature parameter,
wherein the span of the predetermined time interval is shorter
than the predetermined period. For example, the predeter-
mined period may be 1 second or 2 seconds, etc., but it is not
limited thereto. When the determined time arranged to start
the first maintenance procedure is less than the predetermined
period, the controller 160 is further arranged to adjust the
predetermined period according to the determined time
arranged to start the first maintenance procedure. For
example, the predetermined period may be 5 minutes, and the
span of each predetermined time interval is 2 seconds. The
controller 160 is arranged to read the temperature sensor 190
to obtain the current temperature parameter every 2 seconds
for 5 minutes after the data storage device 140 is powered on,
and determine the time arranged to enable the first mainte-
nance procedure according to the current temperature param-
eter. For example, when the controller 160 determines that the
first maintenance procedure should be started after 6 minutes
(longer than the predetermined period) from the powering on
of the data storage device 140, the controller 160 ignores the
determined time (6 minutes) and repeats the steps of reading
the temperature sensor 190 and determining the time span
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every 2 seconds until the predetermined period has ended.
When the controller 160 determines that the first maintenance
procedure should be started after 3 minutes (shorter than the
predetermined period) from the data storage device 140 is
powered on, the controller 160 adjusts the predetermined
period to be 3 minutes and repeats the steps of reading the
temperature sensor 190 and determining the time span every
2 seconds until the predetermined period has ended. Namely,
the controller 160 performs the first maintenance procedure
after 3 minutes since the data storage device 140 is powered
on, and so on.

The controller 160 is further arranged to perform the sec-
ond maintenance procedure after the first time span since the
first maintenance procedure has finished. In the second main-
tenance procedure, the controller 160 reads the temperature
sensor 190 to obtain a second temperature parameter, deter-
mines a second time span according to a second predeter-
mined condition and a first history record to perform a third
maintenance procedure, and determines a first threshold of
error bit value according to the first history record to perform
a second block scan on the blocks. In one embodiment, the
second predetermined condition includes the second tem-
perature parameter, and the first history record includes the
first error bit values and the number of times that the blocks
have been erased during the first maintenance procedure, but
it is not limited thereto. In other embodiments, the second
predetermined condition may further include the time of the
last time that the data storage device 140 was accessed by the
host 120, the time that the data storage device 140 have been
powered on and/or the number of times that the blocks have
been erased. The controller 160 may determine the second
time span in the second maintenance procedure according to
the parameter table or the parameter function, and perform
the third maintenance procedure after the second time span
since the second maintenance procedure has finished. It
should be noted that the parameters of the first predetermined
condition are the current detected parameters, and the opera-
tions of the third maintenance procedure and the second
maintenance procedure are the same. Similarly, the third
maintenance procedure may determine a third time span for
determining the time arranged to start the fourth maintenance
procedure, and determine a second threshold of error bit value
for performing a third block scan on the blocks. The opera-
tions of the fourth maintenance procedure and the second
maintenance procedure are the same, and so on. It should be
noted that the controller 160 is further arranged to update the
blocks when the second error bit values of the blocks is
greater than a first threshold of error bit value.

It should be noted that the controller 160 may store the
results ofthe block scan (such as the error bit values and/or the
number of the updated blocks) or the number of times that the
blocks have been erased (erase counts) in at least one specific
block of the flash memory 180 for providing the maintenance
procedure, but it is not limited thereto. In the block scan, the
controller 160 is arranged to scan each of the blocks of the
flash memory 180 to obtain the error bit values corresponding
to the respective blocks. More specifically, the controller 160
is arranged to read each of the blocks of the flash memory 180
and obtain the error bit values of the Error Correction (ECC)
of'each block. Next, the controller 160 is further arranged to
update the blocks when the corresponding error bit value is
greater than a threshold, such as the predetermined threshold
of error bit value, the first threshold of error bit value, and the
second threshold of error bit value, etc. Furthermore, in the
update procedure, the controller 160 is arranged to retrieve
the data of the block, correct the retrieved data, and store the
corrected data in another block of the flash memory 180. It
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should be noted that the threshold of error bit value is less than
the maximum of the error bit value that can be corrected by
the Error Correction (ECC). For example, the data can be
correct by the Error Correction (ECC) when the error bit is
less than 43 bits, and the threshold of error bit value may be 35
bit or 38 bit, but it is not limited thereto. Person with skill in
the art may determine the predetermined threshold of error bit
value according to the maximum of the error bit value that can
be corrected by the Error Correction (ECC). For example, the
predetermined threshold of error bit value can be the maxi-
mum of the error bit value that can be corrected by the Error
Correction (ECC) or less than the maximum of the error bit
value that can be corrected by the Error Correction (ECC).

FIG. 2 is a flowchart of an access restriction method
according to an embodiment of the present invention. The
data maintenance method is applied to the data storage device
140 of FIG. 1. The process starts at step S202.

In step S202, the controller 160 is arranged to perform a
first maintenance procedure after a predetermined period
since the data storage device 140 is powered on. In this
embodiment, the predetermined period is a predetermined
time, but it is not limited thereto. For example, the predeter-
mined period may be 4 minutes or 5 minutes, but it is not
limited thereto. In the first maintenance procedure, the con-
troller 160 reads the temperature sensor 190 to obtain a first
temperature parameter and determines a first time span
according to a first predetermined condition for performing a
first block scan on the blocks to obtain a plurality of first error
bit values corresponding to the blocks, respectively. In one
embodiment, the first predetermined condition includes the
first temperature parameter, but it is not limited thereto. In
another embodiment, the first predetermined condition may
further include the time of the last time that the data storage
device 140 is accessed by the host 120, the time that the data
storage device 140 has been powered on and/or the number of
times that the blocks are erased. The controller 160 may
determine the time span in the first maintenance procedure
according to the parameter table or the parameter function,
such that the controller 160 can perform the following main-
tenance procedures after the determined time span since the
first maintenance procedure is finished, the following main-
tenance procedures may include the first maintenance proce-
dure, the second maintenance procedure, and the third main-
tenance procedure, etc. It should be noted that the parameters
of the first predetermined condition are the current detected
parameters. It should be noted that the controller 160 is fur-
ther arranged to update at least one block when the corre-
sponding first error bit value corresponding to the at least one
block is greater than a predetermined threshold of error bit
value. In this embodiment, the predetermined threshold of
error bit value is a predetermined threshold, but it is not
limited to.

Next, after a time span, the controller 160 starts to perform
the following maintenance procedures. For example, the con-
troller 160 performs the second maintenance procedure after
a time span determined by step S202 since the first mainte-
nance procedure is finished. First, in step S204, the controller
160 reads the temperature sensor 190 to obtain the current
temperature parameter. Furthermore, the controller 160
determines another time span according to the current prede-
termined condition and a history record for executing the next
maintenance procedure, and determines a threshold of error
bit value according to the history record. In one embodiment,
the predetermined condition includes the current temperature
parameter, and the history record includes the error bit value
of the previous block scan and the number of the updated
blocks in the previous maintenance procedure, but it is not
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limited thereto. In other embodiments, the current predeter-
mined condition may further include the time of the last time
that the data storage device 140 is accessed by the host 120,
the time that the data storage device 140 has been powered on
and/or the number of times that the blocks are erased. In the
current maintenance procedure, the controller 160 may deter-
mines the time span according to the parameter table or the
parameter function, such that the controller 160 can perform
the following maintenance procedure after the determined
time span since the current maintenance procedure is fin-
ished.

Next, in step S206, the controller 160 performs a block
scan on the blocks according to the threshold of error bit
value, wherein the controller 160 is arranged to perform the
block scan on the blocks to obtain the error bit values corre-
sponding to the blocks, respectively, and update the blocks
when the corresponding error bit value is greater than the
threshold of the error bit value. Next, the process returns to
step S204.

FIG. 3 is a flowchart of an access restriction method
according to another embodiment of the present invention.
The data maintenance method is applied to the data storage
device 140 of FIG. 1. The process starts at step S300. It should
be noted that the data maintenance method of FIG. 3 is similar
to the data maintenance method of FIG. 2, except for the step
S300. Therefore, the details of steps S302-S306 can be
referred to in steps S202-S206.

In step S300, the controller 160 is arranged to read the
temperature sensor 190 to obtain the current temperature
parameter at a predetermined time interval since the data
storage device 140 is powered on, and adjust the predeter-
mined period according to the current temperature parameter,
wherein the predetermined period is arranged to start the first
maintenance procedure. Namely, the controller 160 is
arranged to read the temperature sensor 190 to obtain the
current temperature parameter at a predetermined time inter-
val since the data storage device 140 is powered on, and
determine the time arranged to start the first maintenance
procedure by looking out the parameter table or the parameter
function according to the current temperature parameter,
wherein the span of the predetermined time interval is shorter
than the predetermined period. For example, the predeter-
mined period may be 1 second or 2 seconds, etc., but it is not
limited thereto. When the determined time arranged to start
the first maintenance procedure is less than the predetermined
period, the controller 160 is further arranged to adjust the
predetermined period according to the determined time
arranged to start the first maintenance procedure. For
example, the predetermined period may be 5 minutes, and the
span of each predetermined time interval is 2 seconds. The
controller 160 is arranged to read the temperature sensor 190
to obtain the current temperature parameter every 2 seconds
for 5 minutes since the data storage device 140 is powered on,
and determine the time arranged to enable the first mainte-
nance procedure according to the current temperature param-
eter. For example, when the controller 160 determines that the
first maintenance procedure should be started after 6 minutes
(longer than the predetermined period) from the data storage
device 140 being powered on, the controller 160 ignores the
determined time (6 minutes) and repeats the steps of reading
the temperature sensor 190 and determining the time span
every 2 seconds until the predetermined period has ended.
When the controller 160 determines that the first maintenance
procedure should be started after 3 minutes (shorter than the
predetermined period) from the data storage device 140 being
powered on, the controller 160 adjusts the predetermined
period to be 3 minutes and repeats the steps of reading the
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temperature sensor 190 and determining the time span every
2 seconds until the predetermined period has ended. Namely,
the controller 160 performs the first maintenance procedure
after 3 minutes since the data storage device 140 was powered
on, and so on.

It will be seen from the above that the data storage device
140 and the data maintenance method can scan and update the
blocks according to the current temperature.

Data transmission methods, or certain aspects or portions
thereof, may take the form of a program code (i.e., executable
instructions) embodied in tangible media, such as floppy dis-
kettes, CD-ROMS, hard drives, or any other machine-read-
able storage medium, wherein, when the program code is
loaded into and executed by a machine such as a computer, the
machine thereby becomes an apparatus for practicing the
methods. The methods may also be embodied in the form of
aprogram code transmitted over some transmission medium,
such as electrical wiring or cabling, through fiber optics, or
via any other form of transmission, wherein, when the pro-
gram code is received and loaded into and executed by a
machine such as a computer, the machine becomes an appa-
ratus for practicing the disclosed methods. When imple-
mented on a general-purpose processor, the program code
combines with the processor to provide a unique apparatus
that operates analogously to application-specific logic cir-
cuits.

While the invention has been described by way of example
and in terms of the preferred embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments. On the contrary, it is intended to cover various modi-
fications and similar arrangements (as would be apparent to
those skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.

What is claimed is:

1. A data storage device, comprising:

a flash memory, having a plurality of blocks, and each of

the blocks has a plurality of pages;

atemperature sensor, arranged to detect surrounding ambi-

ent temperature and produce temperature parameters
accordingly; and

a controller, configured to sequentially perform a plurality

of maintenance procedures at different times during the
flash memory is powered on, and scan the blocks to
maintain data stored in the pages of the flash memory in
the maintenance procedures, wherein the controller is
configured to perform a first maintenance procedure of
the plurality of maintenance procedures after a predeter-
mined period from the time the data storage device is
powered on, read the temperature sensor to obtain a first
temperature parameter in the first maintenance proce-
dure, determine a first time span according to a first
predetermined condition, and perform a second mainte-
nance procedure of the plurality of maintenance proce-
dures after the first time span from the time the first
maintenance procedure has finished, wherein the first
predetermined condition comprises the first temperature
parameter.

2. The data storage device as claimed in claim 1, wherein in
the first maintenance procedure, the controller is further
arranged to perform a first block scan on the blocks to obtain
aplurality of first error bit values corresponding to the blocks,
respectively, and update the blocks when the corresponding
first error bit value is greater than a predetermined threshold
of error bit value.

3. The data storage device as claimed in claim 1, wherein in
the predetermined period, the controller is further arranged to
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read the temperature sensor to obtain the current temperature
parameter at a predetermined time interval, and adjust the
time arranged to start the first maintenance procedure accord-
ing to the current temperature parameter.
4. The data storage device as claimed in claim 2, wherein in
the second maintenance procedure, the controller is arranged
to read the temperature sensor to obtain a second temperature
parameter and determine a second time span according to a
second predetermined condition and a first history record for
performing a third maintenance procedure of the plurality of
maintenance procedures, wherein the second predetermined
condition comprises the second temperature parameter, and
the first history record comprises the first error bit values and
a number of the blocks which was updated in the first main-
tenance procedure.
5. The data storage device as claimed in claim 4, wherein in
the second maintenance procedure, the controller is further
arranged to determine a first threshold of error bit value
according to the first history record, perform a second block
scan on the blocks to obtain a plurality of second error bit
values corresponding to the blocks, and update the blocks
when the corresponding second error bit value is greater than
the first threshold of error bit value.
6. The data storage device as claimed in claim 4, wherein
the first predetermined condition and the second condition
further comprise the time of the last time that a host accessed
the data storage device.
7. The data storage device as claimed in claim 4, wherein
the first predetermined condition and the second condition
further comprise the time of the last time that the data storage
device was powered on.
8. The data storage device is claimed in claim 4, wherein
the first predetermined condition and the second condition
further comprise the number of times that the blocks have
been erased.
9. A data maintenance method, applied to a data storage
device of a flash memory, wherein the flash memory has a
plurality of blocks, each of the blocks has a plurality of pages,
the data maintenance method is arranged to sequentially per-
form a plurality of maintenance procedures at different times
during the flash memory is powered on and scan the blocks to
maintain data stored in the pages of the flash memory in the
maintenance procedures, the data maintenance method com-
prises:
performing a first maintenance procedure of the plurality
of' maintenance procedures after a predetermined period
from the time the data storage device was powered on;

reading a temperature sensor to obtain a first temperature
parameter in the first maintenance procedure;

determining a first time span according to a first predeter-
mined condition in the first maintenance procedure,
wherein the first predetermined condition comprises the
first temperature parameter; and

performing a second maintenance procedure of the plural-

ity of maintenance procedures after the first time span
from the time the first maintenance procedure has fin-
ished.
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10. The data maintenance method as claimed in claim 9,
wherein the first maintenance procedure further comprises:

performing a first block scan on the blocks to obtain a
plurality of first error bit values corresponding to the
blocks; and

updating the blocks when the corresponding first error bit
value is greater than a predetermined threshold of error
bit value.

11. The data maintenance method as claimed in claim 10,

further comprising:

reading the temperature sensor to obtain the current tem-
perature parameter at a predetermined time interval in
the predetermined period; and

adjusting the time arranged to start the first maintenance
procedure according to the current temperature param-
eter.

12. The data maintenance method as claimed in claim 10,
wherein the second maintenance procedure further com-
prises:

reading the temperature sensor to obtain a second tempera-

ture parameter corresponding to the current surrounding
ambient temperature; and

determining a second time span according to a second
predetermined condition and a first history record for
performing a third maintenance procedure of the plural-
ity of maintenance procedures, wherein the second pre-
determined condition comprises the second temperature
parameter, and the first history record comprises the first
error bit values and a number of the blocks which was
updated in the first maintenance procedure.

13. The data maintenance method as claimed in claim 12,
wherein the second maintenance procedure further com-
prises:

determining a first threshold of error bit value according to

the first history record;

performing a second block scan on the blocks to obtain a
plurality of second error bit values of the blocks; and

updating the blocks when the corresponding second error
bit value is greater than the first threshold of error bit
value.

14. The data maintenance method as claimed in claim 12,
wherein the first predetermined condition and the second
condition further comprise the time of the last time that a host
accesses the data storage device.

15. The data maintenance method as claimed in claim 12,
wherein the first predetermined condition and the second
condition further comprise the time of the last time that the
data storage device was powered on.

16. The data maintenance method as claimed in claim 12,
wherein the first predetermined condition and the second
condition further comprise the number of times that the
blocks have been erased.
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